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Some life detection instruments under development for operation on Mars use solvents to extract
organic compounds from samples of Martian regolith and rock and to transfer the extracts to dedicated
detectors. However, it is possible that organic compounds extracted from Martian samples and
dissolved in the solvent could adsorb to instrument surfaces, potentially resulting in a failure to detect
organic matter that could have been avoided by using more appropriate instrument materials.
If successful detection and characterisation is to take place it is therefore essential to understand the
interactions between dissolved organic targets and the surfaces of space instrument components. One
such life detection instrument is the Life Marker Chip (LMC) being developed for the ExoMars mission,
which relies on a novel surfactant-based solvent system and antibody-based detectors. We have tested
the ability of a range of materials, including titanium, stainless steel, aluminium, the ﬂuoropolymer
VitonTM, polytetraﬂuoroethylene (PTFE), nylon, polypropylene, polyethersulfone and cellulose acetate
to adsorb a range of organic standards from the surfactant solution intended to be used by the LMC.
Results indicate that aromatic hydrocarbons, speciﬁcally anthracene, are more prone to adsorption than
straight chain, branched and cyclic aliphatic species. Titanium, aluminium and stainless steel show
little adsorption ability and are suitable for larger-area applications. PTFE and VitonTM are suitable for
use in small-area applications such as seals and ﬁlters. Nylon, polypropylene, polyethersulfone and
cellulose acetate show stronger adsorption characteristics and should be avoided in the forms
employed here. The ability of some materials to selectively adsorb organic compounds from solvent
extracts can lower the sensitivity of life detection instruments. In future, it would be prudent to test all
space instrument materials for their ability to adsorb target organic compounds from the solvent
systems with which they will be used. This work has application beyond LMC and is relevant to future
life detection instruments and their associated cleaning procedures that use solvents. The ﬁndings will
also be pertinent to planned sample return missions involving caching and can inform the selection of
materials used in sample return containers and during the subsequent processing of any returned
samples.
& 2012 Elsevier Ltd. Open access under CC BY license.1. Introduction
Recent exploration of Mars has revealed abundant evidence for
environmental conditions capable of supporting life in the past,
such as the discovery of subsurface ice in the Vastitas Borealis by
NASA’s Phoenix lander (Smith et al., 2009) or the abundant
geological evidence for past standing water discovered by NASA’s
Mars Exploration Rovers, while recurring slope lineae in channels
that appear to vary with the Martian seasons may indicate the ﬂowax: þ44 20 7594 7444.
urt),
.C. Cullen),
 license.of near-surface liquid brines at the present day (McEwen et al.,
2011). The tantalising prospect of life surviving to the present day
has even been raised by the detection of small amounts of methane
in the atmosphere of Mars (Formisano et al., 2004), varying with
the seasons (Mumma et al., 2009), suggesting the possibility of
methanogenic bacteria in the subsurface (Krasnopolsky et al.,
2004), although many abiological sources have also been proposed
(Atreya et al., 2007; Christensen, 2003; Krasnopolsky, 2006; Oze
and Sharma, 2005) and the issue of methane remains controversial
(Zahnle et al., 2011).
However, despite the progress made in the last decade in
establishing the existence of past environments amenable to life
on Mars, only the biology experiments of the Viking Landers have
sought to detect direct evidence of Martian life (Biemann, 1976).
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many years, but the recent advances in our understanding of the
environmental and geological history of Mars have led to
renewed interest. The large-scale geology of Mars has been
surveyed by various orbiting spacecraft, such as the OMEGA/Mars
Express imaging spectrometer (Bibring et al., 2006). The oldest
Martian terranes were modiﬁed by water in the Noachian era,
43.7 Ga, with the detection of abundant phyllosilicates indicat-
ing prolonged rock–water interactions (Ehlmann et al., 2011).
Subsequently, the Martian climate became drier, resulting in
younger rocks containing abundant sulphates, indicating lesser
amounts of more acidic water. Later rocks contain abundant iron
oxides, reﬂecting the highly desiccated surface of modern Mars.
These three stages of Martian climate history are reﬂected in the
mineralogy of strata, with the term ‘‘phyllosian’’ being used to
describe the ancient era of prolonged aqueous chemistry, ‘‘theii-
kian’’ reﬂecting the later sulphur-rich and more acidic era, and
‘‘siderikian’’ describing the youngest, driest lithologies (Bibring
et al., 2006). Given the dependence of known life on water, it is
reasonable to assume that the earliest liquid water-rich phyllo-
sian era would represent the most habitable conditions, while the
more recent, dry siderikian era would be the least amenable to
life. The various rock types from these three eras will present
their own physical and chemical challenges for organic extraction.
Extended tests that optimise extraction efﬁciency are desirable, to
maximise the chances of a successful detection of organic matter.
One proposed mechanism of detection of organic compounds
involves antibody assays (Sims et al., 2005). The Life Marker Chip
(LMC) intends to use a surfactant-based aqueous solvent capable
of extracting both polar and nonpolar organic species from the
Martian soil, then transferring them to an antibody-based detec-
tion system (Court et al., 2010; Fernandez-Calvo et al., 2006; Sims
et al., 2005). The choice of solvent for this system poses certain
problems, as a single solvent typically will not dissolve both polar
and nonpolar compounds; water, for example, will dissolve polar
organic species such as amino acids but not nonpolar species such
as aliphatic hydrocarbons, while organic solvents that readily
dissolve hydrocarbons tend to be incompatible with the antibo-
dies used by the LMC for detection of organic compounds. These
difﬁculties were overcome by the choice of a surfactant-based
aqueous solvent, comprising a 20:80 (vol:vol) mixture of metha-
nol and water with 1.5 mg ml1 of the non-ionic surfactant
polysorbate 80. Tests have demonstrated the ability of this
solvent to extract a range of organic standards spiked on to the
surface of a Martian soil analogue, the palagonitic tephra JSC
Mars-1 (Court et al., 2010).
However, the ability of a solvent to maintain organic com-
pounds in solution is inﬂuenced by the properties of surfaces
exposed to the solvent. For example, a surfactant solution may
dissolve organic compounds fromMartian soil, but upon exposure
to the interior of the solvent processing system, made from
materials possessing different surface properties, some of the
solute load may adsorb to the interior surfaces of the instrument.
The resultant reduction in dissolved solute will lower the sensi-
tivity of the instrument, hindering the detection of indigenous
Martian organic matter. Adsorption of dissolved material from
solvents in this fashion is a common phenomenon; for example,
goethite adsorbs organic compounds and arsenates from seawater
(Wainipee et al., 2010) and it is well known that metal ions in
solution can adsorb on to materials such as activated carbon or
clay minerals (e.g., Bufﬂe, 1988; Stumm, 1992). Hence, it is
necessary to determine whether deleterious levels of adsorption
of organic matter from the surfactant solution on to the surfaces
of materials considered for the LMC will occur.
The operation of the LMC involves the extraction of a sample
of Martian regolith by polysorbate 80 solution with the assistanceof ultrasonic agitation. The sonication will occur in a chamber
built of a rigid material, probably a metal such as aluminium,
stainless steel or titanium, and sealed by a soft, ﬂexible material
such as the ﬂuoropolymer VitonTM or polytetraﬂuoroethylene
(PTFE). Subsequently, the surfactant solution, hopefully contain-
ing its precious cargo of dissolved Martian organic matter, will
pass through a ﬁlter to exclude suspended particulates. Many
materials can be considered for the ﬁlter, depending on the pore
size desired; laboratory syringe ﬁlters with 200 nm diameter
pores can be purchased with membranes made from materials
such as PTFE, cellulose acetate, polyethersulfone, polypropylene
or nylon, but coarser ﬁlters in the form of metal meshes could also
be used. The sample will then continue along tubing to the
antibody assay at the heart of the LMC. The tubing employed to
direct the ﬂow of solution within the instrument can be con-
structed out of materials such as stainless steel, titanium or
aluminium. Materials used for the various stages of sample
extraction and transport are interfaced using seals. Possible
materials for these seals are ﬂuoropolymers such as PTFE or
VitonTM.
It is necessary to be conﬁdent that none of these materials
comprising these structures will adsorb dissolved organic species
from the surfactant solution, reducing the sensitivity of the
instrument, possibly to the extent that the evidence for Martian
life is successfully extracted from the Martian soil but lost en
route to detection. Here, we have investigated the tendency for a
range of standards dissolved in the surfactant-based solution
intended for use in the LMC to adsorb on to a range of materials.
The results are intended to identify materials suitable and
unsuitable for use in the LMC and other extraterrestrial sample
analysis packages that would be exposed to solvents in general
and surfactant solutions in particular. The organic adsorption
characteristics of these materials will also reﬂect fundamental
properties with implications for extraterrestrial sample handling,
storage and analysis on a number of future space missions.2. Methodology
Three separate sets of experiments have been performed here,
investigating the tendency of a range of standards dissolved in a
surfactant solution to adsorb to a range of materials. The surfac-
tant solution comprises a 20:80 (vol:vol) mixture of methanol and
water with 1.5 mg ml1 of the non-ionic surfactant polysorbate
80. Aliquots of this polysorbate 80 solution were spiked with up
to 1 mg ml1 of each of the standards hexadecane, phytane,
squalene, anthracene, pyrene, stigmasterol, coprostane and atra-
zine (Fig. 1), produced as described below. These standards
represent a mixture of aromatic and aliphatic hydrocarbons,
possessing low solubilities in water, whose presence in the
Martian soil can be interpreted in terms of meteoritic or biological
input. Aromatic species, such as phenanthrene and pyrene, are
common in carbonaceous meteorites, while the aliphatic hydro-
carbons squalene, phytane and hexadecane, along with the
steroids coprostane and stigmasterol, are indicative of biology.
In certain experiments, stigmasterol was replaced by the related
molecule coprostane, because the poor chromatographic response
of stigmasterol was hindering quantiﬁcation. In each experiment,
1 ml aliquots of polysorbate 80 solution spiked with 1 mg ml1 of
each standard were exposed to the relevant material, with further
1 ml aliquots of spiked polysorbate 80 solutions also employed as
controls. These controls were not exposed to the adsorbent
surfaces under investigation, and hence comparisons of their
chromatographic responses with those of the spiked aliquots that
were exposed to the tested materials can indicate the degree of
adsorption occurring.
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Fig. 1. Structures of the standards employed, and of polysorbate 80. (A) Hexadecane, (B) Atrazine, (C) Anthracene, (D) Phytane, (E) Pyrene, (F) Squalene, (G) Stigmasterol,
(H) Coprostane and (I) Polysorbate 80.
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The spiked polysorbate 80 solutions were produced by depos-
iting a mass of each standard, dissolved in methanol, into a
suitable clean glass container and allowing the methanol to
evaporate, followed by addition of a volume of polysorbate 80
solution sufﬁcient, assuming the dissolution of all of the stan-
dards, to produce a solution of concentration of 1 mg ml1 of each
standard. Dissolution of the standards was encouraged by 10 min
of sonication in a Fisher Scientiﬁc FB15063 sonic bath. This
produced a volume of polysorbate 80 solution, containing up to
1 mg ml1 of each standard, 1 ml aliquots of which were used for
each individual adsorption experiment. All aliquots were taken
from the same solution and hence all contain the same concen-
tration of dissolved standards.
2.2. Adsorption on to syringe ﬁlter membranes
A ﬁlter will be used by the LMC to remove suspended Martian
soil. The syringe ﬁlters used here may not be a direct representa-
tive of the ﬁlter type to be used by the LMC, but the very large
surface area of the ﬁlter membrane material gives abundant
opportunity for dissolved standards to exsolve and adsorb. Five
types of syringe ﬁlter, each of 25 mm diameter and possessing a
200 nm pore diameter, were purchased from VWR International.
The ﬁlter membranes selected were cellulose acetate, nylon,
polypropylene, PTFE and polyethersulfone.
Adsorption on to the ﬁlter membranes was tested by using
a polypropylene 10 ml syringe to pass the aliquots of spikedpolysorbate 80 solution through the attached syringe ﬁlter. The
presence of an additional surface on to which adsorption might
occur – the polypropylene syringe – may inﬂuence the results, but
such an effect is discounted because the same type of syringe was
used in all analyses and no consistent loss of standards was
observed. As described above, a further set of spiked polysorbate
80 solutions were used as controls; these aliquots were not
passed through syringe ﬁlters, so no adsorption was able to occur.
Comparison of the solute loads of these aliquots with those of the
aliquots exposed to the syringe ﬁlters would reveal the degree of
adsorption operating. All aliquots of polysorbate 80 solution were
transferred to dichloromethane (DCM) via liquid–liquid extrac-
tion, ready for analysis by gas chromatography–mass spectro-
metry (GC–MS), as described in Section 2.5. Another set of control
experiments was also performed for each experiment, consisting
of non-spiked polysorbate 80 solutions exposed to the adsorbent
materials in question. Subsequent GC–MS analysis of these con-
trols revealed that none of the compounds being used as stan-
dards were present as contaminants on the adsorbent materials
or the polypropylene syringe, prior to exposure to spiked poly-
sorbate 80 solutions.
2.3. Adsorption on to the ﬂuoropolymer VitonTM
The ﬂuoropolymer VitonTM is an attractive choice for forming
seals in solvent-carrying parts of the LMC because of its imper-
meability, chemical inertness and soft, ﬂexible nature. Two
experiments were performed: (i) investigating adsorption on to
VitonTM surfaces of varying areas during an exposure time of
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Fig. 2. The recovery of standards from polysorbate 80 solutions following passage
through 25 mm diameter, 200 nm-pore diameter syringe ﬁlters of varying mem-
brane composition, as a percentage relative to the recovery of standards from
identical polysorbate 80 solutions not passed through ﬁlters. The data show that
appreciable adsorption occurred on to all membranes with the exception of PTFE.
Water-soluble atrazine did not show any tendency to adsorb. Among the aliphatic
species, adsorption is limited from hexadecane but more pronounced for phytane
and squalene. The aromatic species anthracene and pyrene show generally similar
tendencies to adsorb. Polyethersulfone is abbreviated to PES.
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varying durations. A spiked polysorbate 80 solution was produced
as described above, and the appropriate areas of VitonTM were
placed in clean test tubes and exposed to 1 ml aliquots of the
polysorbate 80 solutions, each spiked with up to 1 mg ml1 of
each standard, for the appropriate durations. Exposure durations
range from 1 to 180 min; areas of exposure range from 40 mm2 to
240 mm2. As with the previous experiment, a further set of spiked
polysorbate 80 aliquots were prepared but not exposed to
VitonTM, to enable recoveries of the standards following exposure
to VitonTM to be calculated. All polysorbate 80 solutions were
transferred to DCM via liquid–liquid extraction, ready for GC–MS
analysis, as described in Section 2.5.
2.4. Adsorption on to aluminium, stainless steel and titanium
Aluminium, stainless steel and titanium are common construc-
tion materials and will be used in the LMC to control the ﬂow of
solvent. Adsorption of dissolved Martian organic compounds on to
metal surfaces within the LMC has the potential to reduce the
sensitivity of the instrument, reducing the abundance of dissolved
organic matter reaching the antibody-based detector. As with the
VitonTM experiment, two sets of tests were performed, one set
examining adsorption on to material surfaces of varying areas
during an exposure time of 120 min, and the other set investigat-
ing exposure to surface areas approximately 150 mm2 for varying
durations. These ﬁgures were made consistent with the VitonTM
experiment to ease comparisons of the results.
The samples of aluminium (99% purity) and stainless steel
were cut from thin foil, producing rectangles of the desired
surface areas. The titanium (99.7% purity) was procured as a
sheet 2 mm thick, from which samples were cut using a hacksaw,
taking care to ﬁle off rough edges that would increase the exposed
surface area beyond that given by the sum of the areas of the six
faces. The samples of metal were placed in clean glass test tubes
and each was exposed to 1 ml of standard-spiked polysorbate 80
solution. For the last set of experiments, involving titanium,
stigmasterol was replaced by its related compound coprostane,
because of the poor chromatographic responses of stigmasterol
observed in the earlier experiments. After the requisite duration
of exposure, the sample of metal was removed, taking care to
minimise the amount of spiked polysorbate 80 solution wetting
the metal surface. As with the previous experiments, a further set
of spiked polysorbate 80 solutions were prepared to act as a set
of samples where no adsorption on to metal had occurred.
All polysorbate 80 solutions were transferred to DCM via
liquid–liquid extraction, ready for GC–MS analysis, as described
in Section 2.5.
2.5. Liquid–liquid extraction and gas chromatography–mass
spectrometry
Following exposure of the spiked polysorbate 80 solutions to
the material surfaces, it was necessary to transfer the dissolved
standards from the aqueous polysorbate 80 solution to an organic
solvent, DCM, amenable to analysis by GC–MS. This was achieved
by liquid–liquid extraction, in which a few ml of DCM was added
to the polysorbate 80 aliquots and mixed into an emulsion using a
Sonics & Materials, Inc. VCX-130 sonic probe. The emulsion was
then separated using centrifuging and a separating funnel. Two
further cycles of addition of DCM, mixing, centrifuging and
separation were then performed. Prior testing had shown that
this process was able to transfer close to 100% of the solute load
from a polysorbate 80 solution to DCM. All samples analysed in
this study were subjected to the same liquid–liquid extraction
process.The process of liquid–liquid extraction produced volumes of
DCM containing the dissolved standards. These volumes were
reduced to 1 ml under a stream of nitrogen, then 1 ml of each was
injected into an Agilent HP-5MS column ﬁtted to a GC–MS
comprising an Agilent 7890N gas chromatograph interfaced to a
5975C Mass Selective Detector. The GC oven was initially held at
50 1C for 1 min, then warmed at 4 1C min1 to 310 1C, where it
was held for 20 min, for a total run length of 86 min. The
standards were identiﬁed by reference to the NIST 08 mass
spectral database, and retention times for this instrumental
conﬁguration established by previous runs of the individual
standards.3. Results
3.1. Adsorption on syringe ﬁlter membranes
Data indicating the adsorption of the standards from polysorbate
80 solution on to 25 mm diameter, 200 nm pore diameter syringe
ﬁlter membranes is shown in Fig. 2. The data are percentages,
indicating the recovery of the standards from aliquots of spiked
polysorbate 80 following passage through a ﬁlter relative to iden-
tical aliquots of spiked polysorbate 80 not passed through the ﬁlter,
as calculated from the areas of the appropriate peaks in the
chromatograms produced by GC–MS analysis. All analyses were
performed in triplicate; the data presented here are the means.
Stigmasterol is excluded from the results because of its poor
chromatographic response in this experiment, precluding the pre-
sentation of reliable data.
Inspection of Fig. 2 indicates widespread adsorption of the
standards from polysorbate 80 solution on to many of the ﬁlter
membranes. Atrazine, possessing a relatively high solubility in
water, did not show any adsorption effects, but the incomplete
recoveries of the aliphatic and aromatic species indicate adsorption
on to the ﬁlter membranes, with the exception of PTFE membranes,
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aliphatic species, adsorption is limited from hexadecane but more
pronounced for phytane and squalene. The aromatic species
anthracene and pyrene show absorption tendencies that are
generally similar to each other.3.2. Adsorption on to VitonTM
Data showing the recovery of the standards from polysorbate
80 solution following exposure to samples of VitonTM, expressed
as a percentage relative to spiked polysorbate 80 aliquots not
exposed to VitonTM, are displayed in Fig. 3. Two data sets are
shown; one indicating adsorption from polysorbate 80 solution
exposed to varying areas of VitonTM, and the other showing
adsorption when exposed to VitonTM for varying durations.
Currently, the design of the LMC suggests that around 140 mm2Fig. 3. The recovery of standards from polysorbate 80 solution following exposure
to VitonTM, as a percentage relative to the recovery of standards from identical
polysorbate 80 solutions not exposed to VitonTM. Data for the recovery from
spiked polysorbate 80 solutions exposed to VitonTM areas for varying durations,
and for spiked polysorbate 80 solutions exposed to varying areas of VitonTM, is
displayed. No signiﬁcant adsorption effect that would seriously inhibit the ability
of the LMC to detect Martian organic matter is apparent. The data suggest that
prolonged exposure to VitonTM might causes a slight increase in adsorption, and
that aromatic species are slightly more prone to adsorption than aliphatics, but
the magnitude of these effects is small. (A) Duration of exposure to VitonTM and
(B) area of vitonTM exposed.of VitonTM will be exposed to polysorbate 80 solution following
extraction of a Martian sample, and that this exposure would last
around 120 min, providing the motivation for the VitonTM areas
and exposure durations chosen.
Fig. 3A shows the recovery of standards from polysorbate 80
solution following exposure, for various periods of time, to
140 mm2 areas of VitonTM. Again, stigmasterol is excluded on
account of its poor chromatographic response in this experiment,
precluding the presentation of reliable data. Overall, the six
standards show similar behaviour, showing a general trend for
progressively lower recoveries of the standards from polysorbate
80 solution when exposed to VitonTM, with recoveries falling from
around 100% for an exposure duration of 1 min to around 70–90%
for exposure for 180 min. This may indicate a limited adsorption
effect, but it is worth noting that it also occurs for water-soluble
atrazine, so it may just reﬂect experimental error common to all
analyses. Similarly, the data suggest that aromatic species may be
slightly more prone to adsorption than the aliphatic species. The
relationship between adsorption and the area of VitonTM is
illustrated in Fig. 3B. No clear relationship between VitonTM area
and the recovery of standards from the polysorbate 80 solution is
apparent, with recovery being close to 100% in all cases. Again,
the aromatic species anthracene and pyrene display slightly lower
recoveries than the aliphatic species, but this effective loss has a
value of only around 10%.
Overall, therefore, VitonTM does not adsorb substantial
amounts of these standards from polysorbate 80 solution in these
conditions. The data hint at an adsorption effect that is slightly
more pronounced among the aromatic standards, rather than the
aliphatic species, but this effect is small, uncertain and, under
these conditions, seems unlikely to signiﬁcantly inhibit the ability
of the LMC to detect Martian organic matter.3.3. Adsorption on to aluminium, stainless steel and titanium
Data showing the recovery of the standards from polysorbate
80 solution following exposure to samples of aluminium, stainless
steel and titanium, expressed as a percentage relative to spiked
polysorbate 80 aliquots not exposed to these metals, are dis-
played in Figs. 4–6. For each metal, two data sets are shown; one
indicating adsorption from polysorbate 80 solution exposed to
varying areas of metal, and the other showing adsorption when
exposed to the metal for varying durations. To ease comparison
with the VitonTM data set, the same range of areas and exposure
durations have been tested.3.3.1. Aluminium
Fig. 4 shows the recoveries of standards from spiked poly-
sorbate 80 solutions following exposure to aluminium, expressed
as a percentage relative to spiked polysorbate 80 aliquots not
exposed to aluminium. In Fig. 4A, there is no clear evidence of any
adsorption effect occurring as the area of aluminium exposed to
the spiked polysorbate 80 solution increases – with the exception
of anthracene, which shows a signiﬁcant (20–40%) loss upon
exposure to larger areas of aluminium. It is worth noting,
however, that this adsorption effect appears rather abruptly; it
is not detectable at an aluminium area of 140 mm2, but is readily
apparent at the larger areas of 180 mm2 and 240 mm2, suggesting
that it may be an artefact. The other aromatic compound tested
here, pyrene, does not show a similar effect. Fig. 4B shows the
recovery of the standards following exposure to 120 mm2
samples of aluminium for various durations. In contrast to
Fig. 4A, no signiﬁcant loss of any compound, including anthra-
cene, is apparent here.
Fig. 4. The recovery of standards from polysorbate 80 solution, following exposure to areas of aluminium. Only in the case of anthracene exposed to large areas
of aluminium is evidence for absorption present, and the magnitude of the loss is relatively small. (A) Aluminium: Area and (B) aluminium: Duration.
Fig. 5. The recovery of standards from polysorbate 80 solution, following exposure to areas of stainless steel. The data suggest that a limited degree of absorption can occur
to anthracene, but a rather counter-intuitive relationship between decreasing recovery and decreasing exposure duration is shown in B, suggesting that absorption may
not be responsible for the lower recoveries. (A) Stainless steel: Area and (B) stainless steel: Duration.
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Fig. 6. The recovery of standards from polysorbate 80 solution, following exposure to areas of titanium. Note that coprostane was used in place of stigmasterol, because
of the poor chromatographic response of stigmasterol. There is no clear evidence for absorption of standards on to the titanium. (A) Titanium area and (B) titanium
exposure duration.
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Fig. 5 shows the recoveries of standards from spiked poly-
sorbate 80 aliquots following exposure to stainless steel,
expressed as a percentage relative to the control solution.
In Fig. 5A, no relationship between increasing area of steel and
recovery of the standards is apparent. Many of the lowest
measured recoveries are for anthracene, but the magnitude of
this effect is small and the values are not sufﬁciently different
from the recoveries of the other standards to suggest that
a signiﬁcant adsorption effect is occurring. However, Fig. 5B tells
a somewhat different story. Anthracene again appears to show an
adsorption effect, but this has a magnitude greater than that seen
in Fig. 5A. However, it is most apparent in the samples that were
exposed to stainless steel for the least amount of time. This
counter-intuitive effect casts doubt on the reliability of these
data, but the presence of this effect in anthracene, matching the
adsorption effects seen elsewhere, suggests that it should be
taken seriously. Although the magnitude of this effect does not
exceed 50%, it is possible that over larger areas of steel – such as
might exist if steel were to be used as a structural material –
small amounts of adsorption per unit area may lead to substantial
overall adsorption effects.3.3.3. Titanium
Fig. 6A shows the recovery of standards from polysorbate 80
solutions exposed to samples of titanium possessing a range of areas.
There is no clear evidence of signiﬁcantly lower recoveries of
standards from titanium, or of a correlation between increasing
titanium area and decreasing recovery of standards. The data are
rather noisy, however, and it is notable that deviations away from
100% recovery are mostly on the negative side, with recoveries
o100%, suggesting that a small loss of standards common to mostsamples has occurred at some stage of the process. However, the
absence of a relationship between increasing titanium area and
decreasing recovery makes it difﬁcult to assign adsorption as a factor
with conﬁdence. It is also noteworthy that any adsorption effect that
is occurring is not constrained to a single compound or class of
compounds, in contrast to the occasionally lower recoveries of
anthracene seen for the other metals.
Fig. 6B shows the relationship between duration of exposure
to titanium samples of an area of approximately 160 mm2 and
recovery of the standards. The data here are clearer than in the set
described in the paragraph above, with recoveries consistently
close to 100%, indicating no signiﬁcant adsorption. It is, however,
worth noting that almost all of the data points indicate recoveries
below 100%, rather than being split into a mixture of recoveries
above and below 100%. However, the magnitudes of these
discrepancies are small; it may simply reﬂect the small volume
of spiked surfactant solution lost upon removal of the titanium
sample. Overall, it can be said with conﬁdence that no signiﬁcant
adsorption effect is apparent in the data, either for the com-
pounds as a group or individually.4. Implications for the LMC
Overall, the data suggest that removal of these standards from
polysorbate 80 solution by adsorption is more strongly controlled by
the relationship between solute and solvent, rather than the surface
properties of the adsorbent material. In all the data, the compound
appearing to be most prone to adsorption is the aromatic hydro-
carbon anthracene. The resistance of the aliphatic compounds to
adsorption may reﬂect their structure. The most abundant organic
compound in the polysorbate 80 solution is not one of the standards,
but the polysorbate 80 molecule. Polysorbate 80 consists of a
R.W. Court et al. / Planetary and Space Science 73 (2012) 262–270 269hydrophilic polyoxyethylene sorbitan core with a long lipophilic
aliphatic ‘‘tail’’ attached (Fig. 1). The aliphatic ‘‘tail’’, being structurally
similar to the aliphatic standards hexadecane, phytane and squalene,
may result in adsorption of polysorbate 80 to surfaces in favour of
adsorption of the standards themselves. The solvent is sufﬁciently
rich in polysorbate 80 for the loss via adsorption of a small amount of
polysorbate 80 would have no signiﬁcant effect on its properties as a
solvent, but would favour the retention of the dissolved aliphatic
organic standards in solution.
The materials tested here can be divided into two groups – the
metals and VitonTM, possessing known surface areas of the order
of hundreds of square millimetres, and the syringe ﬁlters, posses-
sing membrane surface areas that are unknown but can be safely
assumed to be much greater than those of the metals, because of
the very small (200 nm diameter) pore sizes. These groups can be
related to two environments on the LMC – the ﬁrst being the
walls of chambers and piping, expected to be constructed from
metal and sealed by PTFE or VitonTM, and a ﬁlter that will
eliminate suspended particulate from the surfactant solution,
following extraction of samples of Martian regolith, before pas-
sage to the antibody-based detector. We will therefore discuss
these results with these applications in mind.
The data from aluminium, stainless steel and titanium indi-
cate, in general, that no signiﬁcant adsorption is occurring.
However, as noted previously, the data are rather noisy in places
and anthracene in particular does show some recoveries that are
signiﬁcantly lower than those obtained for the other standards
(e.g., Figs. 4A and 5B). Overall, titanium appears to be the best
choice of the three metals tested here, as both stainless steel and
aluminium produced a few anomalously low values of recovery of
the standards. VitonTM is a candidate for the material required to
act as seals in parts of the LMC, such as in the sonication chamber.
Again, the data indicate that VitonTM appears to be suitable;
although there is a gradual reduction in the percentage recoveries
of the standards following exposure to VitonTM samples for
various durations that may indicate adsorption, the magnitude
of this effect is quite small, with recoveries of the standards
generally exceeding 80%.
The LMC will require a ﬁlter to exclude suspended fragments
of rock and soil from the surfactant solution before passage to the
antibody-based detector. This ﬁlter is likely to be much coarser
than the 200 nm pore diameter ﬁlters tested here, but the results
illustrated in Fig. 2 are useful as worst-case examples, and also
can be extrapolated away from ﬁlters to features such as seals or
inner coatings composed of these materials. The data indicate that
PTFE is the best material of those tested, with recoveries of
standards close to 100%, in contrast to the other material,
particularly cellulose acetate, which retained over 50% of several
standards. Indeed, adsorption by cellulose acetate may have been
responsible for reports of anomalously low extraction efﬁciencies
of aromatic hydrocarbons using polysorbate 80 solution, where
the experimental procedure included ﬁltration using the same
type of 200 nm pore diameter cellulose acetate syringe ﬁlters
(Court et al., 2010). The data indicate that PTFE is the most
appropriate syringe ﬁlter membrane material to use instead of
cellulose acetate. Elsewhere, it may be possible to use PTFE in the
construction of seals, as an alternative to VitonTM. Although the
area of PTFE in the syringe ﬁlter membranes exposed to spiked
surfactant solutions is unknown, the small pore diameter of
200 nm and ﬁlter diameter of 25 mm means that it can safely
be assumed that the exposed surface area of PTFE in the ﬁlter
membrane is greater than the 140 mm2 of VitonTM. The good
recovery of standards following passage through the PTFE ﬁlters
(Fig. 2) indicates that PTFE is also suitable as a material for
constructing seals from an adsorption point of view. The suit-
ability of PTFE described here also raises the possibility of using itas a coating on other structural surfaces. In this case, the well-
known chemical inertness of PTFE would also reduce the risk of
chemical reactions between structural materials and reactive
species extracted from the Martian regolith by the surfactant
solutions such as perchlorates (Hecht et al., 2009), or compounds
capable of acidifying the surfactant solution such as Fe3þ salts.5. Conclusions
The Life Marker Chip will attempt to detect evidence of past or
present life on Mars. Materials used in instrument construction
should not corrupt the organic signals contained within the
surfactant-based solvent extract by adsorption of the target
organic compounds. Adsorption experiments using a range of
organic standards dissolved in a surfactant solution of 20:80
(vol:vol) methanol:water with 1.5 mg ml1 polysorbate 80 and
a range of materials indicate that, of the metals titanium,
aluminium and stainless steel, titanium shows the least evidence
for adsorption effects. The data indicate that the other two metals,
stainless steel and aluminium, may have a tendency to absorb
some of the aromatic hydrocarbon anthracene, but the data are
not conclusive, and these metals generally appear to be compa-
tible with the organic standard-containing solvent solutions. PTFE
and VitonTM exhibit no signiﬁcant adsorption effects and as
appropriate for use as seals and ﬁlters where only small propor-
tions of extracts are exposed to these materials. Nylon, polypro-
pylene, polyethersulfone and cellulose acetate show strong
adsorption characteristics and, in the form of the 200 nm pore
diameter syringe ﬁlters tested here, should not be exposed to
solvent solutions containing dissolved organic compounds. The
data indicate that the selection of instrument materials has the
potential to reduce the sensitivity of a life-detection instrument
by reducing the amount of indigenous organic matter reaching
the detector. Future instrument design should be performed in
the context of potential adsorptions and their deleterious effects
on life detection experiment success. The data from this study
have application beyond LMC and is relevant to other life detec-
tion instruments that use solvents and for instrument cleaning
methods which use solvents. Moreover, planned sample return
caching missions should choose materials for sample return
storage and processing that minimise adsorption and loss of
target compounds.Acknowledgements
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